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SUMMARY: Hatchling sex ratios in loggerhead marine turtles (Caretta caretta) were estimated on the beaches near Sirte 
(Libya), using two methods: incubation duration and nest mean temperature during the middle third of the incubation period. 
Electronic temperature/humidity loggers were deployed at a total of 13 selected nests at Al-Ghbeba, Al-Thalateen, west of 
Al- Thalateen, Shash and Al-Arbaeen. The incubation period ranged from 47 to 58 days and average temperature ranged from 
29°C to 31.8°C. The maximum temperature during this period increased to between 0.6°C and 3.5°C, while the mean temper-
ature also increased during the middle third of the incubation period compared with the first third and continued to increase 
during the last third. As expected, this study showed that the temperature in the nest decreased with increasing depth of the 
nest. The results showed a female-dominated sex ratio at 85.4% on the basis of incubation duration and 70.4% on the basis of 
mean temperature. These findings support the reported highly female-skewed sex ratios in the Mediterranean and elsewhere.
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RESUMEN: Estimación de la proporción de sexos de crías de tortugas marinas caguama, mediante la duración 
de incubación y temperatura de los nidos en las playas de Sirte (Libia). – Se ha efectuado una estimación de pro-
porción de sexos en las crías de tortugas marinas caguama (Caretta caretta) en las playas cerca de Sirte (Libia) utilizando dos 
métodos: la duración de la incubación y la temperatura media del nido durante el segundo tercio del período de incubación. 
Se registraron electrónicamente los valores de temperatura/humedad en un total de 13 nidos seleccionados en Al-Ghbeba, 
Al-Thalateen, zona oeste de Al-Thalateen, Shash y Al-Arbaeen. El período de incubación varió desde 47 hasta 58 días y la 
temperatura media osciló desde 29 hasta 31.8°C. La temperatura máxima durante este período aumentó entre 0,6 y 3.5°C, 
mientras que la temperatura media también aumentó durante el segundo tercio del período de incubación en comparación con 
el primer tercio y siguió aumentando durante el último tercio. Como era de esperar, este estudio mostró que la temperatura en 
el nido disminuyó con el aumento de la profundidad de la jerarquía. Los resultados basados en la duración de la incubación 
mostraron una sex-ratio en favor de las hembras del 85.4%, mientras que este valor fue del 70.4% si los resultados se basaban 
en la temperatura media. Estos datos concuerdan con los estudios efectuados en el Mediterráneo y en otras zonas, en los que 
se aprecia una sex-ratio altamente sesgada en favor de las hembras.
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INTRODUCTION 
Marine turtles (family Cheloniidae) are an example 
of a species that is diminishing in numbers as a result 
of the degradation of the living and nesting habitats, in-
cidental catches, and pollution (Lutcavage et al. 1997). 
Significant resources are currently devoted to numer-
ous conservation and management projects at nesting 
areas. One of most important and costly activities in 
management projects is the monitoring of beaches 
to protect nests and hatchlings from anthropogenic 
threats, such as coastal development, sand extraction 
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and tourism, in addition to management of natural 
predation, to ensure high hatching success (Adam et 
al. 2007, Casale and Margaritoulis, 2010). Richardson 
(1999) stated that a complete study of all aspects re-
lated to nesting biology is essential for the selection 
and application of suitable marine turtle population 
conservation and management. 
With the present trends and potential impacts of 
global warming, increased temperature can affect the 
sex ratio in marine turtles as well as in many other 
reptile species (Janzen and Paukstis 1991), as it is de-
termined by the prevailing environmental conditions 
(mainly nest temperature) during the embryonic devel-
opment (TSD for temperature-dependent sex determi-
nation). This means that warming temperatures could 
lead to a higher production of female hatchlings. 
Sex determination is the initial event in which un-
differentiated gonads opt for either ovarian or testicular 
differentiation. This process in most vertebrate species 
is genotypic (GSD for genotypic sex determination), 
leaving little scope for deviation from a balanced pri-
mary sex ratio (Zbinden et al. 2007). 
In marine turtles, sex depends on the proportion of 
time spent at specific temperatures during the thermo-
sensitive period (TSP), which is the middle third stage 
of incubation (Mrosovsky and Pieau 1991). The point at 
which a balanced sex ratio occurs is known as the piv-
otal temperature; more females result from temperatures 
above the pivotal temperature and more males from 
cooler temperatures (see Wibbels 2003 for a review).
For convenience, three major life-stages (hatch-
lings, juveniles, and adults) can be distinguished in ma-
rine turtles; different methods are used to investigate 
sex ratios at each of these stages (Casale et al. 2006). 
Hatchling sex ratio is obtained directly, through mi-
croscopic examination of hatchling gonads (Wood et 
al. 1983) sampled at nesting beaches (e.g. Yntema and 
Mrosovsky 1980), indirectly estimated as a function of 
a series of nest temperature records (e.g. Standora and 
Spotila 1985) or using additional variables associated 
with nest temperature, such as the incubation duration 
(e.g. Mrosovsky et al. 1999). Adults are easily differen-
tiated because of their external sexual dimorphism, in 
particular, the most obvious characteristic is the large 
and muscular prehensile tail of adult males (Casale 
et al. 2005). Juvenile sex ratio is the most difficult to 
obtain, owing to both the at-sea sampling requirement 
and the absence of sexual dimorphism. Other methods 
for estimating sex ratio are to use blood hormonal 
levels (Owens et al. 1978), observation of gonads by 
laparoscopy (Wood et al. 1983), or necropsy of dead 
animals (Work 2000). 
The determination of sex and hence the sex ratio 
of hatchlings is very significant basic information in 
marine turtle population dynamics (Casale et al. 2006, 
Zbinden et al. 2007). It should therefore be taken 
into account in any conservation planning of nesting 
beaches in order to conserve the “population’s sexual 
structure” and act in an appropriate manner for the 
protection of these endangered reptiles, especially in 
the context of current global warming (Hawkes et al. 
2009, Witt et al. 2010). Indeed, in species with TSD, 
the sex-determining pathway is extremely sensitive to 
temperature (Mrosovsky et al. 2009). The transitional 
range of temperature within which the complement 
of offspring sex shifts from 100% male to 100% fe-
male (or vice versa) is generally less than 2°C, and 
may be less than 1°C (Ewert et al. 1994), while the 
mean warming predicted on a scale of 100 years is 2°C 
(GIEC 2007). 
Among the worlds seven marine turtle species, 
three species are regularly observed in the Mediterra-
nean. The loggerhead turtle, Caretta caretta, the most 
common species dispersed across all marine areas, has 
important nesting sites in Greece, Libya, Turkey and 
Cyprus (Margaritoulis et al. 2003, Casale and Mar-
garitoulis 2010). The green turtle, Chelonia mydas, is 
restricted to the Levantine basin of the Mediterranean, 
with nesting sites in Turkey, Cyprus and Syria (Kas-
parek et al. 2001, Casale and Margaritoulis 2010). The 
leatherback turtle, Dermochelys coriacea, has no nest-
ing population at all in the Mediterranean (Lescure et 
al. 1989), but enters the basin in small numbers from 
the Atlantic ocean (Margaritoulis 1986, Casale et al. 
2003, Bradai et al. 2004, Casale and Margaritoulis 
2010). Investigations of the sex ratio of all three classes 
of loggerhead turtles (hatchlings, juveniles, and adults) 
have recently begun in the Mediterranean region, but 
the results cannot yet be considered conclusive at the 
regional population scale (Casale et al. 2006). The 
loggerhead hatchling sex ratios are estimated to be 
female-biased on most beaches (Godley et al. 2001, Öz 
et al. 2004, Zbinden et al. 2006, Witt et al. 2010). 
All three marine turtle species mentioned above 
were reported in Libyan waters, but only the logger-
head turtle is a nesting species along the Libyan coast 
(Schleich 1987, Laurent et al. 1997, 1999, Hamza 
2010). The importance of Libyan sandy beaches for 
marine turtle nesting was realized in 1995-1998 when 
national surveys at potential nesting beaches revealed 
a major rookery of loggerhead turtle nesting (Laurent 
et al. 1997). The results showed a substantial number 
of marine turtle nests laid each season, exceeding the 
number of nests in Cyprus and Turkey, and possibly 
equal to or higher than that in Greece (Laurent et al. 
1997, 1999). The subsequent surveys in 2005-2008 
indicated that nesting is largely concentrated mainly in 
four areas: the Gulf of Sirte, the region around Beng-
hazi, some sandy beaches of Aljabal Alakhdar (Cyre-
naica) and the region of Derna-Tubrok (Hamza 2010). 
In view of the nesting density and the large distribu-
tion range, these sites should be considered as a major 
Mediterranean nesting site for the loggerhead turtle. 
Recalling the articles of the SPA protocol and the 
revised action plan on marine turtles in the Mediter-
ranean, taking into account the new developments 
concerning conservation measures based on scientific 
groundwork, and considering the potential effects of 
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global warming on future population structure and on 
the dynamics of these endangered species (Hawkes et 
al. 2009, Witt et al. 2010), the present study aimed to 
provide data on hatchling sex ratio estimation from 
five nesting beaches west of Sirte, which are among the 
most important nesting grounds for loggerhead turtles 
in Libya and potentially in the Mediterranean (Hamza 
2010). Since the sex of marine turtle hatchlings cannot 
be assessed from external morphology and sacrificing 
hatchlings was not an option for ethical and conserva-
tion reasons, we used incubation duration of clutches 
and the mean temperatures during the middle third of 
the incubation period as indirect methods for predict-
ing the sex ratios within the nests. 
MATERIALS AND METHODS
The Libyan coast spans approximately 2000 km 
(Fig. 1). Most of this coast is still in pristine condition 
because of limited human activity and an undeveloped 
fishing industry compared with neighbouring countries 
(Laurent et al. 1997). 
Generally, the nesting season in Sirte starts in late 
May and continues until mid-August and sometimes 
early September (Hamza 2010). The fieldwork was 
conducted during the summer months of 2009 on the 
beaches of Al-Ghbeba (length 5.12 km, average width 
65 m), Al-Thalateen (length 5.43 km, average width 
55 m), west of Al-Thalateen (length 3.45 km, average 
width 35 m), Shash (length 4.85 km, average width 
35) and Al-Arbaeen (length 8.54 km, average width 
40 m). These beaches are located on the Gulf of Sirte, 
which has a total length of more than 800 km. Nesting 
and hatching activity were observed over the beaches 
as part of the long-term monitoring undertaken by the 
Libyan Sea Turtle Programme (LibSTP) since 2005. 
Each nest was located by walking on the beach and the 
precise GPS position was recorded in order to locate 
the nest and identify its first hatchling emergence date. 
Sampled nest locations were chosen to fall within the 
mean distance from the sea line, based on same year 
data collected at each beach weeks prior to data log-
ger placement. The monitored nests were protected by 
under-sand wire netting to deter predators (mainly red 
foxes, Vulpes vulpes). Nest distance from the sea was 
recorded from the nest location to the sea line. For the 
purpose of this study, incubation duration is defined as 
the period in days between observation of the newly 
laid nest and the first record of emergence, by either 
direct observation of hatchlings or their crawl tracks 
emerging from nests.
Temperatures in 14 loggerhead turtle nests were 
examined using a LogTag HAXO-8 electronic humid-
ity and temperature data logger (LSTechnology, UK) 
from July to September 2009 on the selected beaches 
(when most clutches are in their thermosensitive stage 
for sex determination). 
In order to cover the entire nesting site so that the 
study could be representative of the area, the data log-
gers were distributed to all beaches according to the 
nesting densities of 2009 and previous seasons at each 
beach (Hamza, 2010) as follows: 3 at Al-Ghbeba, 2 at 
Al-Thalateen, 2 at west of Al-Thalateen, 4 at Shash and 
3 at Al-arbaeen. Within each nesting beach, nest sites 
were selected so that the data loggers were homoge-
neously spread along the beach length. Furthermore, 
the locations of studied nests were also chosen within 
the area of mean distance from the wave line, based on 
data of nests laid at the start of the same season. Due to 
logistical restrictions, there was a delay in 9 data logger 
placements, but in all cases temperature/humidity data 
loggers were placed into the centre of the nests before 
the start of the second third of the incubation period. 
A small hole was made adjacent to the egg chamber, 
without excavating the nest, 3-4 eggs were carefully 
removed in order to place the data logger and then they 
were returned to their initial positions, with the exact 
orientation. Temperatures and humidity at three levels 
(top, middle, and bottom) in two nests were also re-
corded. The temperatures were not initiated in one nest 
in Al-Ghbeba due to a malfunction of the data logger. 
This nest was later visited and the date of emergence 
was not accurately determined. Therefore, it was ex-
cluded from data analysis. 
Additionally, temperature data loggers were buried 
adjacent to each nest (Approximately 1 m to the east 
at the same depth and the same distance from the sea) 
in order to study the effect of metabolic heating. All 
loggers were programmed to record a reading every 15 
minutes.
The middle third of the incubation period was cal-
culated on the basis of the incubation period mentioned 
above. Nest contents were excavated within a specific 
period after the first hatchling emergence, as suggested 
by Adam et al. (2007); nest depths were measured and 
data loggers were retrieved. The total number of eggs 
(the number of eggs laid into the nest) and the hatching 
success were calculated by counting unhatched eggs, 
dead hatchlings in eggs, dead hatchlings in nests and 
empty eggshells (>50% complete) which were char-
Fig. 1. – The loggerhead nesting sites on Sirte beaches (Libya).
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acterized as successful hatching. The hatching success 
(%) is calculated as follows: (empty eggshells/ total 
number of eggs)*100.
The sex ratio of hatched loggerhead turtles was 
estimated using two methods. The first used the mean 
temperature during the middle third of the incubation 
period, while the second used the incubation duration. 
The curves used for estimation of sex ratio as func-
tions of incubation duration and temperature during the 
second third of the incubation duration were those of 
Mrosovsky et al. (2002) adapted to the field. The sex 
ratio curve (% of females) as a function of the mean 
temperature during the second third of incubation dura-
tion was adapted to the field by adding 0.4°C (Mros-
ovsky et al. 2002), which corresponds to the difference 
between ambient temperature and egg temperature 
(Fig. 2). The sex ratio curve (% of females) as a func-
tion of incubation duration (Mrosovsky et al. 2002) 
was also adapted to the field by adding 4 days, which 
corresponds to the interval between hatching and the 
emergence of hatchlings at the sand surface (Godfrey 
and Mrosovsky 1997) (Fig. 3). The equations of the 
two curves used (after corrections) were calculated and 
the exact values of sex ratios were derived. The choice 
of the study of Mrosovsky et al. (2002) is based on 
the fact that turtles from Greece and those of Libya are 
part of the same Mediterranean population and have 
the same geographic range. This choice is also based 
on the fact that pivotal temperature in marine turtles is 
a relatively conservative characteristic (Rees and Mar-
garitoulis 2004, Mrosovsky et al. 2009). 
RESULTS
During the 2009 nesting season, 358 nests were 
recorded in the study area (about 25 km). The nesting 
density varied between 9.02 nests/km at Al-Thalatheen 
beach to 21.65 nests/km at Shash beach, with an average 
of 14.45 nests/km at all beaches. Distances of studied 
nests to the wave line were found to be within the limits 
of nest distribution at each nesting beach during the pre-
vious nesting period of the same season (Table 1).
The information on the 13 studied nests is presented 
in Table 2. The information on temperature and humid-
ity recorded in the studied nests and in adjacent sand (1 
m to the west at the same depth) is presented in Tables 
3 and 4 respectively. 
The mean temperature of the whole incubation pe-
riod (each temperature data point recorded was used) 
for the 13 nests ranged from 29.1°C to 32.1°C. The 
maximum temperature increase during the incubation 
period was 5.3°C (for nest 9, minimum of 29.3°C, 
maximum of 34.6°C). 
The mean temperature in nests during the middle 
third of the incubation ranged from 29°C (Nest 10) to 
31.8°C (Nest 9). The maximum temperature increase 
during this period was 3.5°C (nest 9: minimum of 
30.2°C, maximum of 33.7°C). The minimum tempera-
ture increase was 0.6°C (nest 3: minimum of 28.9°C, 
maximum of 29.5°C).
The mean temperature during the incubation period 
increased in the middle third of the incubation period 
compared with the first third and continued to increase 
during the last third. This is not the case for the adja-
cent sand (control), where air temperature controls the 
increase and decrease in soil temperature.
Regarding humidity, it seemed that the air in the 
nests and adjacent sand was saturated with water. How-
ever, there was some decrease in humidity prior to emer-
gence, which could indicate when hatching commences 
and the proximity of hatchling emergence. This point 
should be investigated further in the coming years.
As expected, beach temperatures decreased with 
increasing depth (Table 5). This parameter was studied 
in nest 13 (Data loggers in nest 4 did not function well).
Positioning temperature data loggers in both the 
sand and the nests allowed us to compare the tem-
peratures at the same depth in both settings (Table 
3). During the total incubation period, the daily mean 
sand temperatures were 0.2°C to 2.2°C lower than in 
Table 1. – Distance from the wave line of studied nests in compari-
son with all recorded nests at each nesting beach.
Beach
Distance of  
monitored nests
Distance of other  
nests
mean Mean SD
Al-Ghbeba 13.33 18.12 12.44
Al-Thalatheen 12.5 14.78 8.75
W. Al-Thalatheen 16.75 15.80 9.54
Shash 13.25 16.06 9.15
Al-Arbaeen 18.67 12.87 6.85
Table 2. – Information on the studied nests.
Nest Beach Laying date Start of monitoring Clutch size Emergence success Incubation duration (days)
11 Al-Ghbeba 07/07 21/07 69 85.5 49
12 Al-Ghbeba 20/07 21/07 79 82.3 51
4 Al-Thalatheen 17/07 21/07 33 72.7 51
5 Al-Thalatheen 12/07 21/07 105 33.3 47
3 W.Al thalatheen 26/07 27/07 45 82.2 58
10 W.Al thalatheen 16/07 27/07 74 95.9 55
6 Shash 10/07 22/07 86 81.4 54
8 Shash 21/07 29/07 39 82.1 57
2 Shash 13/07 29/07 45 71.1 52
13 Shash 22/07 22/07 91 94.5 47
1 Al-Arbaeen 01/08 02/08 69 78.2 50
7 Al-Arbaeen 08/07 22/07 75 77.3 55
9 Al-Arbaeen 08/07 22/07 63 93.7 52
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loggerhead nests at the same time and depth. During 
the middle third of the incubation period, when sex 
is thought to be determined, the mean temperature 
difference between nest and sand was 0.48°C (n=13; 
-0.2-2°C). 
The equation of sex ratio (% of females) as a func-
tion of temperature is as follows (Fig. 2):
Y=100.06/(1+Exp(+188.78–6.37*X))
where Y is the sex ratio and X is the temperature.
The equation of sex ratio (% of females) as a func-
tion of incubation duration is as follows (Fig. 3):
Y=99.88/(1+Exp(–103.34+1.82*X))
where Y is the sex ratio and X is the incubation duration.
The sex ratios of hatchlings for all nests estimated 
from curve equations are shown in Table 6. The mean 
sex ratio based on average temperature during the mid-
dle third of incubation duration (T°) was 70.4% and 
Table 3. – Mean temperature in study nests and adjacent sand during different incubation periods. IP, incubation period. The data logger in 
nest 7 stopped during the last third of the IP.
Nest In nest In sand
Total IP First third IP Middle third IP Last third IP Total IP First third IP Middle third IP Last third IP
1 29.9 29.4 29.9 30.2 28.3 28.5 28.5 27.9
2 29.8 29.1 29.5 30.3 29.4 29.2 29.4 29.5
3 29.1 28.7 29.2 29.3 28.2 28.4 28.5 27.6
4 31.2 30 31.3 31.8 30.8 30.3 31.2 30.9
5 30.2 29.1 29.9 31 29.5 29.1 29.4 29.6
6 30.3 29.1 29.8 31.2 29.5 29.2 29.4 29.6
7 ? 29.2 29.7 ? 29.5 29.1 29.5 29.6
8 29.9 29.1 29.9 30.3 29.4 29.3 29.8 29.2
9 32.1 30.3 31.8 32.5 29.9 29.5 29.8 30
10 29.5 28.6 29 30.3 29.2 29.1 29.2 29.2
11 31.3 30 30.6 32.2 31.1 31 30.9 31.4
12 30.4 29.2 30.3 31.5 29.5 29.2 29.8 29.5
13 30.6 29.4 30.3 31.8 29.4 29.1 29.6 29.4
Table 4. – Mean humidity in studied nests and adjacent sand (control) during different incubation periods. IP, incubation period.
In nest In sand
Total IP First third IP Middle third IP Last third IP Total IP First third IP Middle third IP Last third IP
1 94.9 100 100 81.8 99.9 100 100 99.7
2 94.1 99.8 100 87.4 100 99.8 100 100
3 100 100 100 100 100 100 100 100
4 100 100 100 100 100 100 100 100
5 100 100 100 100 100 99,8 100 100
6 100 100 100 100 100 99.8 100 100
7 100 99,9 100 100 100 100 100 100
8 100 100 100 100 100 100 100 100
9 99.9 97.6 100 100 100 99.6 100 100
10 100 100 100 100 100 100 100 100
11 59.2 100 97.8 10.8 100 100 100 100
12 85.2 100 100 57.1 100 100 100 100
13 95.2 100 100 85.7 100 100 100 100
Table 5. – Mean temperature (°C) in different parts of the nest 13 
during the incubation period. T, top; M, middle; B, bottom; TSP, 
thermosensitive period. 
Period Mean temperature
Incubation period T 31.3
M 30.6
B 30.2
Before TSP T 30.3
M 29.4
B 29.1
TSP T 31.3
M 30.3
B 30
After TSP T 32.2
M 31.8
B 31.3
Fig. 2. – Percentage of females as a function of temperature (De-
rived from Mrosovsky et al. (2002) and adapted to the field). 
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the mean sex ratio based on incubation duration (ID) 
was 85.4%.
The sex ratio ranged between 5% (with the T° 
method) or 8% (with the ID method) and 100%, but sex 
ratio between nests did not vary significantly (Kruskal-
Wallis test, H=17.469, P=0.133).
Of the 13 nests, 11 were predicted to produce more 
females if the estimation was based on incubation du-
ration. If based on temperature during the second third 
of incubation duration, 10 were predicted to produce 
more females and three were predicted to produce more 
males. Comparison of the two methods indicates that 
sex ratios are not significantly different (t=1.725841, 
df=12, p-value=0.110007). Comparison of the two 
methods for each beach taken separately also shows 
that there is no significant difference; p-values of the 
t-test for the beaches of Al-Ghbeba, Al-Thalateen, west 
of Al-Thalateen, Shash and Al-Arbaeen were respec-
tively 0.5, 0.5, 0.47, 0.64 and 0.23.
Furthermore, the analysis of the results of the sex 
ratio estimated by the two methods shows that there 
was no difference among the five beaches (Kruskal-
Wallis test, H=7.154, pvalue=0.128 for the T° method 
and H=6.629, p-value=0.157 for the ID method).
Similarly, the analysis of sex ratio results for the 
nests laid in early July and those laid in late July 
showed no significant differences (Kruskal-Wallis 
test, H=0.021, p-value=0.885 for the T° method and 
H=0.663, p-value=0.415 for the ID method).
DISCUSSION AND CONCLUSION 
Sex ratio estimations and their biological and eco-
logical implications are clearly a complex issue. The 
threats to nesting beaches are increasing and funding 
for conservation programmes may not be keeping pace, 
so it is becoming increasingly important to make in-
formed decisions and draw up appropriate strategies 
(Kaska et al. 2006). Studies, knowledge and monitor-
ing of hatchling’s sex ratios should be a part of this 
process. 
The results of the present study were in agree-
ment with the common pattern of loggerhead marine 
turtle sex ratios in the Mediterranean region, which 
is female-dominated (Hanson et al. 1998, Kaska et 
al. 1998, 2006, Godley et al. 2001, Öz et al. 2004, 
Rees and Margaritoulis 2004, Witt et al. 2010, Rees 
et al. 2013). Although methodologies and timescales 
of studies vary, this tendency of female production is 
accepted to be globally predominant (Wibbels 2003). 
However, the sex- ratio estimated (% females) in this 
study (70.4% and 85.4% of females) should be con-
sidered as maximum because the few nests laid during 
June, which were not studied because the field sites 
were inaccessible during that month, had a cooler tem-
perature regime than July when most clutches are laid. 
Therefore, it would seem wise to pay particular atten-
tion to the few possible male-producing clutches laid at 
the start of the season. 
The measurements of temperature at the different 
parts of the nest (top, middle and bottom) allowed us 
to claim that the mean temperature in the central part 
of the nest is representative of the whole nest sections. 
Recording only central parts of the nests therefore al-
lowed us to save more data loggers to be used at other 
nests and yielded the best estimation of sex ratios. 
Table 6. – Information on nests, incubation duration and temperature data with the estimated sex ratio (%♀). ID, incubation duration.
Nest Clutch 
size
Emergence 
success
Distance from 
sea (m)
ID T° (Middle third ID) Sex ratio (%♀)  
from ID
Sex ratio (%♀)  
from T°
1 69 78.2 16.5 50 29.9 100 83
2 45 71.1 23.5 52 29.5 100 28
3 45 82.2 23 58 29.2 8 5
4 33 72.7 10 51 31.3 100 100
5 105 33.3 15 47 29.9 100 83
6 86 81.4 8.5 54 29.8 99 72
7 75 77.3 8.5 55 29.7 95 58
8 39 82.1 10 57 29.9 34 83
9 63 93.7 31 52 31.8 100 100
10 74 95.9 9.5 56 29.2 76 5
11 69 85.5 9.5 49 30.6 100 100
12 79 82.3 12.5 51 30.3 100 98
13 91 94.5 11 47 30.3 100 98
Mean 67.2 79.2 52.2 85.4 70.4
Fig. 3. – Percentage of females as a function of incubation duration 
(Derived from Mrosovsky et al. (2002) and adapted to the field). 
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However, this finding might be not applicable to other 
Mediterranean nesting sites with different physical and 
biological characteristics (e.g. soil type, humidity and 
vegetation cover). 
In this study, the daily mean temperature of sand 
during the entire incubation period was 0.48°C (range: 
–0.2-2.2), which is lower than the corresponding mean 
in loggerhead nests at the same depths. This figure is 
lower than those of northern Cyprus and Turkey (range: 
1.1-1.9°C) (Kaska et al. 1998), Zakynthos (Greece) 
(mean: 0.6°C, CI: 0.25) (Zbinden et al. 2006) and 
Tunisia (mean: 2°C, range:1-2.9) (Jribi et al. 2012). 
Taking into consideration that we measured the nest 
temperature at the centre of the clutch and that it has 
been shown, however, that temperature in loggerhead 
clutches is not evenly distributed (Godfrey et al. 1997, 
Hanson et al. 1998, Kaska et al. 1998, Booth and Astill 
2001, Houghton and Hays 2001) and that the amount 
of metabolic heating is higher in the centre than at the 
sides of the clutch (Godfrey et al. 1997, Booth and 
Astill 2001), our results are likely to have overesti-
mated the amount of metabolic heating experienced 
by the average egg. This potential bias is not likely to 
affect the sex ratio as this heat increase is negligible 
(Zbinden et al. 2006). Results of our study on an area 
with a large nesting potential support the conclusion 
of Zbinden et al. (2006) with loggerhead clutches of 
Zakynthos, which is the largest among Mediterranean 
populations (Margaritoulis et al. 2003), that metabolic 
heat production has no significant feminizing effect on 
Mediterranean loggerheads. 
Although a female-biased primary sex ratio for 
hatchling production was found in this study by two 
methods, the temperature method was more accurate 
than the incubation duration method, because the latter 
was based on the relationship between incubation dura-
tion and the temperature during the entire development 
period. Therefore, it is less accurate, as it is indirect and 
based not only on the middle third of the incubation 
duration. The other thirds may confound results in case 
of within-clutch heterogeneous temperature regimes. 
More studies would be needed in the next few years to 
investigate any inter-annual differences in sex ratio of 
hatchlings occurring at these nesting beaches.
The coverage of other nesting sites in Libya, which 
might have different local climatic conditions, is nec-
essary and the factors that may alter the sex ratio, such 
as inundation and predation, should be considered 
and further assessed. Indeed, nest inundation has been 
shown to increase incubation duration and has been 
suggested to possibly play a significant role in mascu-
linization of turtle hatchlings (Rees and Margaritoulis 
2004). Data analyses should take incubation duration 
of inundated nests into account. LibSTP nest manage-
ment activities aim to reduce the number of nests in-
undated by the sea, as this can be an important cause 
of nest mortality. Nests are relocated away from the 
dangerous surf zone and installed in zones which are 
thermally inclined to the production of female turtles. 
Thus, the number of male hatchlings may be reduced 
slightly but the overall number of hatchlings is greatly 
increased (Rees and Margaritoulis 2004).
Nest predation is also known to have effects on the 
sex ratio of hatchlings that emerge from the nest and 
reach the sea. The longer the incubation period, the 
greater the chances of nests being predated. Kaska et 
al. (2006) stated that smell and activities of the first 
group(s) of hatchlings may provide clues for preda-
tors about the location of a nest, and those emerging 
towards the end of the hatching duration are threatened 
most. Nest predation is a major threat at Sirte beaches 
(Hamza and Elghmati 2006), especially when conser-
vation practices are not fully in place, and it also has an 
important indirect effect on the loggerhead sex ratios.
It was planned to extend the current study in 2010 
to include important nesting beaches of the Misuratah 
province, but during of the conflict in Libya in 2011 
it was not possible to retrieve the data loggers from 
Misuratah office or to conduct any field work because 
of the security situation and the suspicion of the risk of 
landmines in the study area. Until this threat is cleared 
any future fieldwork is not feasible.
The civil conflicts can seriously halt conservation 
efforts for marine turtles in Libya unless the interna-
tional community help the new authorities to conduct 
actions in the field and to restructure the conservation 
sector of the country to safeguard the remains of the 
best marine turtle nesting, wintering and feeding habi-
tats in the Mediterranean.
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